A regulatory locus of phosphorylation in the N terminus of the Na-K-Cl cotransporter, NKCC1.
The secretory Na-K-Cl cotransporter NKCC1 is activated by secretagogues through a phosphorylation-dependent mechanism. We found a phosphorylation stoichiometry of 3.0 +/- 0.4 phosphorylated residues/NKCC1 protein harvested from shark rectal gland tubules maximally stimulated with forskolin and calyculin A, showing that at least three sites on the cotransporter are phosphorylated upon stimulation. Three phosphoacceptor sites were identified in the N-terminal domain of the protein (at Thr(184), Thr(189), and Thr(202)) using high pressure liquid chromatography and matrix-assisted laser desorption ionization time-of-flight mass spectrometry to analyze tryptic fragments of the radiolabeled cotransporter. None of these residues occurs in the context of strong consensus sites for known Ser/Thr kinases. The threonines and the surrounding amino acids are highly conserved between NKCC1 and NKCC2, and similarities are also present in the Na-Cl cotransporter NCC (or TSC). This strongly suggests that the phosphoregulatory mechanism is conserved among isoforms. Through expression of shark NKCC1 mutants in HEK-293 cells, Thr(189) was found to be necessary for activation of the protein, whereas phosphorylation at Thr(184) and Thr(202) was modulatory, but not required. In conjunction with the recent finding (Darmen, R. B., Flemmer, A., and Forbush, B. (2001) J. Biol. Chem. 276, 34359-34362) that protein phosphatase-1 binds to residues 107-112 in the shark NKCC1 sequence, these results demonstrate that the N terminus of NKCC1 constitutes a phosphoregulatory domain of the transporter.